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Abstract 
The current legal framework for the development of renewable energies in Chile offers very favorable conditions for small scale 
electric generation systems. Incentives range from tariff exemptions on distribution and up to a 5% guaranteed supply rights to 
regulated customers. Such conditions allow for a viable and fast growing environment for the developments of those generation 
systems based on the CSP which incorporate optimized storage systems. These systems are likely to play a vital role in meeting 
the increasing demand for energy from the copper mining sector in the north of Chile as well as that of the smaller electricity 
networks and local communities.  
In this direction, the University of Antofagasta, Chile, has developed the implementation and construction of a modular solar 
storage system, using new ternary and quaternary nitrate mixtures, where in addition to collecting the heat of industrial/mining 
processes and store them for later use, proposes its implementation in isolated rural systems in the Chilean Norte Grande. 
 
The new ternary and quaternary Heat Transfer Fluid (HTF), designed with the addition of Ca(NO3)2 and LiNO3 to solar salt, 
shows a work temperature range of 130 to 600ºC. This temperature range, together with the adequate heat capacity of salt and the 
potential for storage approximately 175 kWh per day to this system, making it suitable to meet the demands of evaluated areas. 
The economic viability of these new salts has been analyzed taking into account the sources of nitrates in the country, as well as 
the cost for storage density offered by these new fluids. 
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1. Introduction: 
Solar conditions in northern Chile, in particular the Atacama Desert, which presents an annual global radiation 
value of 2500 kWh/m2 and an index of direct normal irradiance (DNI) of 3500 kWh/m2, are among the best 
worldwide for capturing and storing solar energy [1]. These features are of major importance when considering the 
saline deposits that are concentrated in this area. These salts are used in current solar technology for fluid energy 
storage (solar salt NaNO3/KNO3 in a 60/40 ratio), which represents a significant advancement because such storage 
provides a considerable enhancement in the performance of solar plants, considering the ability to provide energy at 
night [2]. This characteristic will be fundamental in the sustainable development of the mining industry of northern 
Chile, which requires energy 24 hours per day. 
CSP technology has characteristics suitable for application in northern Chile, and the main types of technologies, 
parabolic collectors, central tower and Linear Fresnel could supply the following energy needs of the country's 
industry: 
  
- Electric generation  
- Water pumping  
- Water Desalination  
- Heat process generation  
- Cogeneration 
 
The activities that encompass mining in northern Chile grow an average 5 % annually, and require large volumes 
of electricity, heat and water. In Chile, energy dependence on imported fossil fuel is equal to 68 % of gross primary 
energy consumption. Also, 56.5 % of the electricity generated comes from fossil fuels [3], yet the increase in fossil 
fuel prices, agreements for reducing emissions and requirements in the environmental regulations have fostered a 
push for solar to be the primary energy source for conversion into electrical and thermal energy. These technologies 
offer greater energy independence, price stability and lower emissions. Fiscal and financial incentives can help the 
promoters to reduce the final price of electricity required to make Non-Conventional Renewable Energy (ERNC), 
and particularly solar, projects economically feasible, and contribute to the quick and steady development of said  
projects. 
 
Moreover, the high energy demand that the country needs to maintain their levels of growth involves the 
installation of new power generation. To overcome these challenges have increased the requirements of 
environmental standards, so that projects that are using fossil fuels have significantly less impact on the 
environment. This legislative change has resulted in technologies that use fossil fuels have higher investment costs. 
 
This creates an opportunity for technologies based on renewable energy, such as wind and solar, which can 
compete in the market. However, these technologies have the limitation of a low plant factor, so their participation 
in the energy matrix has a limit. For this application, solar energy storage is the key factor. 
 
In northern Chile, the potential of solar radiation is one of the highest worldwide. Especially the desert areas of 
the Regions of Arica and Parinacota, Tarapaca, Antofagasta and Atacama, located between the inner area of the 
coast and the mountains to a typical height between 1000-3000 m. 
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This behaviour is shown in figure 1: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Radiation map in northern Chile (/m2). 
 
Other industry, in which Chile is the world leader in production, is non-metallic mining, particularly in the 
production of lithium and nitrate salts, which adds to the great potential of the country for the development of solar 
technology. 
 
Overall, there are several factors that make concentrating solar power (CSP) technology an ideal resource for the 
mining sector, notably because of the location of mines in desert areas with low population levels and excellent solar 
resources. The proximity also favours the direct supply of electrical energy to mining operations. Another major 
advantage of thermal storage is the improvement in manageability it presents, that is, the ability to satisfy consumer 
demand according to the temporal profile thereof and even the ability for Chile to become a major exporter of 
thermal energy. 
 
Research and development in the solar energy sector is focussed on reducing the high cost of the operation and 
maintenance of these plants. One of the most important lines of research in this respect is the study, design and 
characterisation of salts that are used as energy storage fluids. The fluid that is currently used to store energy in solar 
plants is a binary mixture of 60wt% NaNO3 + 40wt% KNO3 (solar salt), which has allowed for the construction of 
several commercial plants that can store up to 15 hours of energy [4].  
 
However, it is necessary to improve this fluid to construct less expensive and more profitable thermosolar plants. 
The potential for improving the salt resides in optimising its physiochemical properties, mainly its melting point, 
thermal stability and heat capacity. Consequently, in this work, we studied and proposed new heat transfer fluids 
(HTFs) with various additions of Ca(NO3)2 and/or LiNO3. 
 
This paper aims to propose a novel storage system, based on these new solar storage fluids with low melting 
points. This system would provide an important profitable system which could supply power for 24 hours. 
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2. Experimental procedure: 
The saline nitrates that were used in the research were NaNO3 and KNO3 (Sigma-Aldrich 98%), Ca(NO3)2* 
4H2O and LiNO3 (Panreac 98%). The pre-melted and solidification of the mixtures were analysed to determine their 
heat capacity and for the study of fusion (DSC) and thermal stability (TGA), a combination of anhydrous and 
tetrahydrate forms of the nitrates was chosen in the samples in order to arrange water eliminations and study his 
influence in salts with higher content of calcium nitrate. 
 
Simultaneous thermogravimetric analyser and differential scanning calorimeter (Mettler-Toledo) were used in the 
assays. The instrument was responsible for providing a thermogravimetric (TGA) signal, differential scanning 
calorimetry (DSC) signal and a differential thermal analysis (DTA) signal, from which thermal decomposition 
curves were obtained for the designed salt mixtures. The DSC Q-20 equipment provided pure calorimetry signals. 
This instrument is coupled with a cooling system that provides high-precision measurements (melting point, phase 
transition and heat capacity). The crucibles that were used in the thermal analysis varied and were made of platinum 
in the case of the TGA equipment and of aluminium for the DSC Q-20; the crucibles were hermetically sealed in the 
latter case. Both tests were conducted in an inert atmosphere of nitrogen (50 ml/min) and at a heating velocity of 
10°C /min, previously calibrated with indium (TGA and DSC analysis) and sapphire for MDSC study. The typical 
sample size involved in the experiments was 10 mg. DSC error is ± 0.7ºC. 
3. Results: 
The results from the physicochemical study of these new fluids are shown in Table 1, which compares the results 
with the data obtained from solar binary salts in previous investigations [5]. 
 
Table 1: Thermal properties of novel molten salts formulations 
 
Results from the thermal study of the ternary 48wt% Ca(NO3)2 + 7wt% NaNO3 + 45wt% KNO3 mixture indicate 
that the melting point of this mixture is 130.61°C, a considerable improvement in the melting point obtained with 
the binary mixture currently used. Additives presents in solar salt don`t show an important effect in the DSC cooling 
curve. Crystallization temperature was fixed in the same temperature range without subcooling effect. The other 
parameters that were analysed through these techniques (thermal stability), resulted a maximum stability 
temperature of 554.39°C. 
 
The thermal study that was conducted using the ternary 20wt% LiNO3 + 28wt% NaNO3 + 52wt% KNO3 mixture 
determined that the fusion point of this mixture is 130.15°C, improving upon the fusion point of the previously 
studied ternary calcium mixture, with a maximum temperature stability of 600.05°C. 
 
This last parameter represents the greatest advantage observed for the ternary lithium salt, given that it 
Molten Salt Melting Point (°C) Thermal Stability (°C) 
60wt% NaNO3 + 40wt% KNO3 221.04 588.51 
48wt% Ca(NO3)2 + 7wt% NaNO3 + 
45wt% KNO3 
130.61 554.39 
20wt% LiNO3 + 52wt% KNO3 + 
28wt% NaNO3 
130.15 600.05 
30wt% LiNO3 + 10wt% Ca(NO3)2 + 
60wt% KNO3 
132.15 567.18 
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considerably increases the previously known maximum value in new formulations of the ternary mixtures that are 
reported in the literature.  
 
The thermal study of the ternary 30wt% LiNO3 + 10wt% Ca(NO3)2 + 60wt% KNO3 mixture, for which there are 
no bibliographic references, revealed certain global properties that are more interesting than those observed in other 
separate mixtures, yielding a working range between 132-567.18°C. 
 
As we have introduced, the energy storage density of these new fluids will be greatly improved, which may give 
cheaper and cost-effective storage systems. An example is disclosed in Table 2, comparing the cost of energy 
storage for the a ternary LiNO3 mixture. 
 
Table 2: Stored Energy cost with novel formulation 
 
 
 
 
 
 
 
 
 
 
These new fluids could be used to design new modular storage systems that can be applied individually in mining 
processes in the north of Chile. 
 
Currently, the University of Antofagasta is developing a modular storage system to evaluate the behaviour of 
these fluids, and whose system could be replicated as a heat battery in future industrial processes in Chile. 
4. Conclusions: 
The addition of Ca(NO3)2 and LiNO3 was determined to decrease the melting point of the fluids studied to 
approximately 130°C. This decrease represents a considerable reduction in the maintenance and operational costs 
associated with current solar technology, demonstrating that the fluids proposed in this research are potential 
candidates for modular storage designs for application in the industrial process in the north of Chile. 
Northern Chile, Atacama Desert, has one of the best solar resources in the world, up to 3,000 hours of sunshine  
per year. Most copper resources and, therefore, mining industries are located at Atacama Desert: An excellent  
opportunity to implement solar energy projects. 
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